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I. INTRODUCTION AND SUMMARY 
Contained i n  t h i s  r e p o r t  i s  a summary of  t h e  progress  made 
du r ing  t h e  per iod  of time from January through June, 1967 on 
work supported through t h e  Lewis Research Center of The Nat iona l  
Aeronaut ics  and Space Adminis t ra t ion.  I n i t i a t e d  i n  June, 1966 
t h i s  r e s e a r c h  program includes two t a s k s :  the f i r s t  i s  a s tudy  
of t h e  damage produced on t h e  s u r f a c e  of meta l  s i n g l e  c r y s t a l s  
du r ing  i o n  bombardment us ing  x-ray methods and t h e  second i s  a 
de te rmina t ion  of c e r t a i n  thermodynamic p r o p e r t i e s  of cesium gas 
us ing  x-ray methods. A poss ib l e  f u r t h e r  a r e a  of r e sea rch  i s  a 
s tudy  of cesium gas as it i s  adsorbed onto  meta l  s i n g l e  c r y s t a l s  
as a s p e c i a l  c a s e  of i n t e r e s t  i n  gas - so l id  i n t e r a c t i o n s .  1 
Since most of t h e  f i r s t  year  has  been spen t  des igning  and 
assembling t h e  equipment t h i s  r e p o r t  w i l l  i nc lude  a d i s c u s s i o n  
of t h e  equipment assembled t o  d a t e .  
11. SINGLE CRYSTAL DAMAGE STUDIES 
The f i n a l  des ign  on t h e  s p e c i a l  vacuum chambers was approved 
and t h e  system has  been under c o n s t r u c t i o n  by Varian Assoc ia tes  
s i n c e  February,  1967. Shipment has  been promised A p r i l  2 1 ,  May 5, 
May 26, June 30, J u l y  14, Ju ly  21 ,  and J u l y  28, 1967. The system 
i s  now almost fou r  months l a t e  and t h i s  d e l a y  has  s e r i o u s l y  impeded 
p rogres s  on t h e  r e s e a r c h  g ran t .  The f i n a l  sys t em conf igu ra t ion  w i l l  
be r epor t ed  i n  d e t a i l  i n  t h e  next  r e p o r t .  
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Also d u r i n g  t h i s  p a s t  per iod t h e  requirements  f o r  t h e  double  
c r y s t a l  x-ray spec t rometer  were f i n a l i z e d .  S ince  t h e  r e q u i r e d  
d e s i g n  was similar t o  a spectrometer  a l r e a d y  a v a i l a b l e  a t  t h e  Ohio 
S t a t e  Un ive r s i ty  Physics  Department and s i n c e  t h e  a n t i c i p a t e d  use 
of t h e  spec t rometer  a t  Ohio S t a t e  over  t h e  next  few yea r s  was low, 
a request was made t o  Professor  Jossem, chairman of  t h e  Physics  
Department, t o  l oan  t h e  spectrometer  t o  Hiram College wi th  the 
unders tanding  t h a t  w e  could make c e r t a i n  mod i f i ca t ions  t o  t h e  
spec t rometer  for  our  use and a l s o  t h a t  t h e  p o s s i b i l i t y  of some 
c o l l a t e r a l  s t u d i e s  should be pursued. This  r e q u e s t  was approved, 
the spec t rometer  i s  now a t  Hiram, and most of t h e  mod i f i ca t ions  
have been completed. 
111. CESIUM GAS SCATTERING STUDIES 
T h e o r e t i c a l  and Problem Evalua t ion  S t u d i e s  
I n  o r d e r  t o  determine t h e  i n t e r a c t i o n  p o t e n t i a l  of  a 
p a i r  of cesium atoms and t o  make c e r t a i n  a b s o l u t e  measurements of  
o t h e r  thermodynamic p r o p e r t i e s  of cesium vapor,  sma l l  ang le  x-ray 
s c a t t e r i n g  i s  t o  be employed. C a l c u l a t i o n s  on t h e  i n t e r a c t i o n  
p o t e n t i a l  r e q u i r e  t h a t  t h e  number d e n s i t y  c of  t h e  vapor be 
known. T h i s  can be determined by measurement of t h e  s c a t t e r i n g  
w i t h  x-ray beams of known abso lu te  i n t e n s i t y .  The appara tus  and 
procedures  t o  be employed should make such de te rmina t ions  p o s s i b l e .  
I n  a d d i t i o n  it i s  planned t o  make obse rva t ions  on t h e  adso rp t ion  
of cesium atoms on t h e  w a l l s  of c o n t a i n i n g  v e s s e l s .  
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Employing t h e  d a t a  of Heimel2 and Ewing,3 e t  a l . ,  c a l c u l a -  
t i o n s  have been made on t h e  value of t h e  i so the rma l  compress- 
i b i l i t y  and d e n s i t y  of cesium vapor i n  t h e  temperature  range 
from 676oC t o  10IO°C and i n  the  p r e s s u r e  range  from 1 t o  5 
atmospheres a s  shown i n  Figures 1 t o  3. 
t h e  number of atoms per  c c  (number d e n s i t y ) ,  t h e  Boltzman Constant  
k,  and t h e  Kelvin Temperature T,  y i e l d s  t h e  product  c k T e  , t h e  
i n t e r p a r t i c l e  i n t e r f e r e n c e  func t ion  a t  ze ro  s c a t t e r i n g  a n g l e  .4 
This  va lue  combined wi th  
I n  a l l  c a l c u l a t i o n s  i n  t h e  above range ,  however, t h i s  product  
i s  e s s e n t i a l l y  u n i t y  which i n d i c a t e s  a n e a r l y  i d e a l  gas  wi th  ze ro  
i n t e r a c t i o n  p o t e n t i a l .  
p r o p e r t i e s  of  o t h e r  vapors t h a t  a t  t empera tures  near  t h e  condensa t ion  
p o i n t  such an  i n t e r a c t i o n  should become ev iden t ,  it i s  planned t o  
make obse rva t ions  a t  temperatures  and p res su res  very  c l o s e  t o  t h e  
s a t u r a t i o n  curve  of cesium vapor. S ince  t h i s  product  c o n t a i n s  c ,  
t h e n  f o r  a c o n s t a n t  c and T the  va lue  of  c k T p  should fo l low @ and 
should t h e  product  d e p a r t  s i g n i f i c a n t l y  from u n i t y ,  it would i n d i c a t e  
t h a t  does n o t  fo l low t h e  value p r e d i c t e d  f o r  an  i d e a l  gas ,  namely, 
Since it seems reasonably  c e r t a i n  from t h e  
The above c o n s i d e r a t i o n  assumes a c o n s t a n t  c .  However i f  i n  
t h e  process  of  h e a t i n g ,  cool ing ,  and r e h e a t i n g  t h e  cesium vapor 
v e s s e l s ,  t h e  adso rp t ion  of cesium atoms on t h e  w a l l s  v a r i e s  t o  
any g r e a t  e x t e n t  t h e  va lue  of c would be unce r t a in .  
assuming a cont inuous monolayer of adsorbed cesium atoms i n  v e s s e l s  
whose dimensions a r e  comparable t o  ours i n d i c a t e  t h a t  a n e g l i g i b l e  
v a r i a t i o n  i n  c could a r i s e  with d e p a r t u r e s  from a cont inuous monolayer 
( s e e  page 7 ) .  
C a l c u l a t i o n s  
Fur the r  i n v e s t i g a t i o n  of adso rp t ion  i s  t o  be made by 
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measuring t h e  r e s i s t a n c e  across  t h e  l e n g t h  of t h e  cesium vapor 
v e s s e l s .  Such r e s i s t a n c e  should be inf luenced  by t h e  completeness 
of t h e  adsorbed l a y e r  and i t s  th i ckness ,  assuming more t h a n  a 
monolayer. 
Experimental Techniques 
Absolute I n t e n s i t y  Measurements 
To measure t h e  l a r g e  r a t i o  of t h e  s c a t t e r e d  t o  
the i n c i d e n t  x-ray beam s p e c i a l  t echniques  must be employed. 5, 6~ 
The p r i n c i p l e  i n v e s t i g a t o r  gave an i n v i t e d  paper on t h i s  t o p i c  
l a s t  January i n  which three techniques were descr ibed .8  The 
technique  t o  be used p r imar i ly  i n  t h i s  s tudy  w i l l  be t h a t  of 
s c a t t e r i n g  from a gas sample such as C4 F8 or SF6. 
c a l c u l a t i o n s  from t h e  thermodynamic d a t a  f o r  t h r e e  n e a r l y  i d e a l  
gases, t h e  p red ic t ed  s c a t t e r e d  i n t e n s i t y  can be found and compared 
wi th  t h e  observed s c a t t e r e d  i n t e n s i t y  t o  f i n d  the a b s o l u t e  i n t e n s i t y  
c a l i b r a t i o n  c o n s t a n t .  However s t i l l  more s tudy  needs t o  be done 
on comparing d i f f e r e n t  x-ray geometr ies  and s tandard  samples as 
w e l l  a s  on t h e  e f f e c t s  of a l l  the necessary c o r r e c t i o n s  t o  t h e  
d a t a .  The p r i n c i p l e  i n v e s t i g a t o r  i n t ends  t o  pub l i sh  more about  
th i s  technique  i n  t h e  nea r  f u t u r e  and w i l l  d e f e r  a more d e t a i l e d  
d i s c u s s i o n  u n t i l  t h a t  t i m e .  
Then wi th  
Sample Holder 
Through t h e  cour t e sy  of H. R. Letner  of t h e  General  Electric 
Company, w e  have secured  a number of Lucalox (A1203)  t ubes  w i t h  
niobium-zirconium a l l o y  end caps such as are  be ing  used i n  a 
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r e c e n t l y  designed lamp. These t u b e s ,  I.D. c i r c a  7/32" = 0.555 c m  - 
O.D. c i r c a  16/32",  l e n g t h  3 3/4" p l u s  end caps ,  are  t o  be f i l l e d  
wi th  s a t u r a t e d  cesium vapor a t  t empera tures  between 664OC and 
1000°C. Our source  of in format ion  on t h e  Lucalox tubes  s ta tes  
t h a t ,  " a l l  of  t h e s e  materials-A1203, niobium, and t h e  tungs t en  
c o i l s  i n  t h e  end caps inc lud ing  t h e  s e a l a n t  used t o  f a s t e n  t h e  
end caps t o  t h e  ceramic-should res i s t  a t t a c k  by cesium vapor 
f o r  l ong  pe r iods  of  t ime a t  t empera tures  of  a t  l e a s t  up t o  700OC 
t o  8OO0C." Aside from a t t a c k  by cesium, t h e  s t r u c t u r e s  w i l l  
wi ths tand  s e v e r a l  hundred more deg rees  i f  n o t  sub jec t ed  t o  seve re  
thermal  shock. 
These tubes  w i l l  t hen  be s e a l e d  o f f ,  brought t o  H i r a m  Col lege,  
and r ehea ted  t o  t h e i r  s a t u r a t i o n  tempera ture  i n  an x-ray d i f f r a c t o -  
meter where t h e  small ang le  s c a t t e r i n g  they  produce w i l l  be observed.  
From t h e  curve  of s c a t t e r e d  i n t e n s i t y  vs .  s c a t t e r i n g  ang le  it i s  
expected t h a t  e f f e c t s  of  the  atomic i n t e r a c t i o n  p o t e n t i a l  w i l l  be  
observed and c a l c u l a t i o n s  made t o  e v a l u a t e  t h i s  p o t e n t i a l .  
Fu r the r  i n v e s t i g a t i o n  with t h e s e  tubes  i n c l u d e s  a n  a t t empt  
t o  observe  and p o s s i b l y  d e r i v e  some conclus ions  a s  t o  t h e  adsorp-  
t i o n  of  cesium atoms on t h e  tube  walls. 
o b s e r v a t i o n  of  t h e  r e s i s t a n c e  of  t h e  tubes  whi le  hea ted  t o  va r ious  
t empera tu res .  Measurements w i l l  be made on an  empty tube  and on 
t h o s e  t h a t  a r e  f i l l e d  a t  t h e  s e v e r a l  t empera tures .  
This  w i l l  be done by 
Although so f a r  t h e  Lucalox tubes  seem i d e a l  i n  many ways, 
C s  i n s e r t i o n ,  s e a l  o f f ,  h igh  tempera ture  c a p a b i l i t y ,  e l e c t r i c  
d i s c h a r g e  c a p a b i l i t y ,  e t c . ,  two s e r i o u s  problems have been found 
w i t h  t h e i r  use.  F i r s t ,  it has been noted t h a t  indium o x i d i z e s  
comple te ly  i n  a few minutes '  exposure t o  a i r  a t ,  say  80OoC. 
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Hence, throughout  t h i s  t rea tment  a t  e l e v a t e d  tempera tures ,  t hey  must 
be surrounded wi th  an i n e r t  atmosphere or vacuum. 
s e r i o u s ,  i s  t h a t  t h e  x-ray t r ansmiss ion  for CuK,is very  low ( <  .005%). 
Thus e i t h e r  t h e  walls must be made t h i n n e r ,  a p o s s i b i l i t y  now under 
s tudy ,  or a h ighe r  energy x ray m u s t  be used such as MoKd. 
t r ansmiss ion  of  t h e  Lucalox tube f o r  MoKdis 8%. If t h e  w a l l s  
can  be made t h i n n e r ,  an even h igher  t r ansmiss ion  w i l l  r e s u l t .  
o b t a i n  MoK-radiation, a mod i f i ca t ion  t o  t h e  p r e s e n t  x-ray tube  
must be made invo lv ing  p l a t i n g  some molybdenum on to  t h e  Cu anode. 
Second, and more 
The 
To 
Cesium Gas Adsorpt ion 
The r a t i o  of  cesium atoms adsorbed on a monolayer t o  t h e  
number i n  t h e  vapor s t a t e  a t  676OC and 1 atmosphere i n  a t u b e  
0.555 c m  d iameter  i s  c a l c u l a t e d  as fo l lows:  
R a t i o  of s u r f a c e  a r e a  t o  volume = 2 n r 2  X I = -  47r  1 = ? =  7.23 
Given a monolayer of C s  atoms wi th  a d iameter  of 5.4A = 5.4 x c m  
t h e n  t h e  area/atom = 1I (5 .4  x 10-8)2 = 23 x cm / atom and t h e  
4 
number of  atoms/cm 2 -   1 = 4.35 x atoms/cm assuming 
v r  7T D 2  D 
0 
2 
2 
- 16 
23 x 10 
s p h e r i c a l  atoms completely cover t h e  s u r f a c e .  
number of  atoms/cc a t  664OC i s  8.23 x l 0 l 8  atoms/cc.  
of t ube ,  0.555 c m  d i ame te r ,  t he  r a t i o  of t h e  adsorbed atoms i n  a 
s ing le  monolayer t o  t h e  number i n  t h e  1 c m  column of vapor i s  
From Heimel2 t h e  
I n  a 1 cm' l eng th  
7 .23  x 4.35 x 1014/8.23 x 1 0 l 8  = 3.88 x = 0.0388% = 0.04% 
The adsorbed monolayer i s  t h e r e f o r e  a n e g l i g i b l e  f r a c t i o n  of  t h e  
vapor and l a r g e  changes i n  it would produce no d e t e c t a b l e  change 
i n  t h e  number d e n s i t y .  
- 9 -  
Exper imenta 1 F a c i l i t i e s  
A block diagram of t h e  10  c m  x-ray d i f f r a c t o m e t e r  i s  shown 
i n  F igure  4 and each major component w i l l  now be d i scussed  i n  
some d e t a i l .  
10  cm S c a t t e r i n g  Chamber 
The d e f i n i t i o n  of  t h e  x-ray beam i s  accomplished by f o u r  
e q u a l l y  spaced v e r t i c a l  s l i t s . 9  The f i r s t  two s l i t s  a r e  s t a t i o n a r y  
and c o l l i m a t e  t h e  x-ray beam i n c i d e n t  on t h e  sample which i s  placed 
midway between t h e  second and t h i r d  s l i t s .  The l a s t  two s l i t s ,  
which are  mounted on an arm with t h e  d e t e c t o r  t ube  so as t o  r o t a t e  
abou t  a v e r t i c a l  ax i s  through t h e  s c a t t e r i n g  sample, ana lyze  t h e  
s c a t t e r e d  x-ray beam a s  a func t ion  of  ang le  as shown i n  F igure  5. 
Success ive  s l i t s  are  10 c m  a p a r t ,  have tan ta lum edges,  and a re  
symmetr ica l ly  a d j u s t a b l e  i n  s l i t  width from 0.050 t o  2.000 mm. 
The s l i t s  a r e  a l l  se t  t o  t h e  same s l i t  width,  u s u a l l y  0.400 mrn, 
where narrow s l i t  widths  g ive  g r e a t e r  angular  r e s o l u t i o n  and a 
s m a l l e r  minimum a n g l e  ( b e f o r e  s l i t  edge s c a t t e r i n g  i s  seen )  and 
wider  s l i t  widths  g i v e  g r e a t e r  i n t e n s i t y .  The minimum a n g l e  a t  
which d a t a  can be taken  without  s e e i n g  s l i t  edge s c a t t e r i n g  i s  
d E m  = 4 - 
a 
All s l i t  l eng ths  ( v e r t i c a l  d i r e c t i o n )  are  se t  t o  6.0 mm u s i n g  a 
s u r f a c e  gauge and v e r n i e r  c a l i p e r s .  
1 7  c m  behind t h e  f i r s t  s l i t .  
where d i s  t h e  s l i t  width and a i s  t h e  s l i t  s e p a r a t i o n .  
The x-ray f o c a l  l i n e  i s  about  
The s l i t  system can  be completely enclosed i n  a s t e e l  chamber 
t h u s  a l lowing  f o r  evacuat ion  of  t h e  chamber or f lood ing  wi th  helium 
t o  reduce both a i r  s c a t t e r i n g  and a i r  abso rp t ion  a s  shown i n  F igure  6.  
- 10 - 
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With t h e  counter  t ube  s e t  t o  r ece ive  t h e  go polys tyrene  peak, a 
21% g a i n  i n  i n t e n s i t y  i s  observed when H e  f l oods  t h e  chamber and 
a 41% ga in  when t h e  chamber i s  evacuated. 
shows t h e  dec rease  i n  t h e  beam abso rp t ion  a s  t h e  a i r  i n  t h e  chamber 
i s  f lushed  o u t  wi th  H e  or evacuated. 
i n g  s c a t t e r i n g  d a t a  over  the angular  range from -37O t o  llOo. 
t h e  en t r ance  and e x i t  windows a r e  of l m i l ,  type  S Mylar. 
d e t e c t o r  tube  r i d e s  o u t s i d e  the  chamber on a suppor t ing  arm which 
i s  mechanical ly  l i nked  t o  t h e  arm i n s i d e  t h e  chamber ho ld ing  t h e  
l a s t  t w o  s l i t s .  
This  ga in  i n  i n t e n s i t y  
The e x i t  window permi ts  ana lyz-  
Both 
The 
A h o l e  i n  t h e  t o p  p l a t e  of t h e  s t e e l  chamber permi ts  a fou r  
p o s i t i o n  sample ho lde r  t u r r e t  t o  p l ace  t h e  sample i n  t h e  sample 
p o s i t i o n .  This  t u r r e t ,  which r o t a t e s  about  a v e r t i c a l  axis ,  
permi ts  changing the sample four times without  d i s t u r b i n g  t h e  
chamber environment. A s i n g l e  p o s i t i o n  sample holder  i s  a l s o  
a v a i l a b l e  which mounts i n  a c o n i c a l  seat midway between t h e  
second and t h i r d  s l i t s .  
A s p e c i a l  furnace  and sample ho lde r  a r e  being designed fo r  
t h e  C s  gas s c a t t e r i n g  experiment and t h e  problems so f a r  have been 
d i scussed  previous ly .  This  furnace w i l l  be completely i n s i d e  t h e  
s t e e l  chamber so t h a t  when t h e  furnace  i s  h o t  t h e  chamber w i l l  be 
e../acuated thus  reducing  thermal i n s u l a t i o n  problems a s  w e l l  a s  
i n c r e a s i n g  s a f e t y  s i n c e  t h e  Cs w i l l  be enclosed i n s i d e  t h e  1/2" 
s t ee l  chamber. 
X-Ray Detec t ion  E l e c t r o n i c s  
A block diagram of t h e  d e t e c t i o n  e l e c t r o n i c s  i s  shown i n  F igure  7 .  
Except f o r  t h e  h igh  vo l t age  power supplyy10 p r o p o r t i o n a l  coun te r  tube,  
- 14 - 
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BLOCK DIAGRAM OF 
DETECTION E L E C T R O N I C S  FOR 
IO CM SCATTERING CHAMBER 
and Teletype12 a l l  the equipment was purchased from ORTECI3 and 
t h e  model numbers f o r  each item a r e  shown on the diagram. 
the  ORTEC equipment except  t h e  p reampl i f i e r  conform t o  AEC s tandards  
and r a c k  mount i n  a 401 Bin and 402 Power Supply Unit  u t i l i z i n g  
on ly  8 3/4" of r ack  he igh t .  
A l l  
The p r o p o r t i o n a l  counter  was chosen f o r  the 10  c m  geometry 
due t o  i t s  be t te r  energy r e s o l u t i o n  than  the s c i n t i l l a t i o n  d e t e c -  
t o r 1 4  ( t o  be used on t h e  double c r y s t a l  spec t rometer ) .  
Multimode Amplif ier  has  g a i n  s e l e c t i o n  from 0.75 t o  1350, s i n g l e  
or double d i f f e r e n t i a t e d  de lay  l i n e  or RC shaping, RC time cons tan t s  
from 0 . 1  t o  10 .0  microseconds , simultaneous un ipo la r  and b i p o l a r  
ou tpu t s ,  e tc .  The 431B Scaler/Timer module has  an  i n t e r n a l  0.04% 
a c c u r a t e  t u n i n g  f o r k  s tandard  f o r  o p e r a t i n g  i n  t h e  timer mode or 
func t ions  a s  a 6 decade 2 MHz scaler i n  t h e  scaler mode a s  selected 
by a f r o n t  p n e 1  s w i t r h .  The 432 P r i n t o u t  Cont ro l  w i l l  provide 
the necessary c o n t r o l ,  format, and sequencing t o  p r i n t  o u t  up t o  
50 Scaler/Timer u n i t s  i n t o  a Teletype Page p r i n t e r  producing 
bo th  hard copy and punched paper t a p e  f o r  computer i npu t .  
The 410 
This se t -up  provides  a very v e r s a t i l e  arrangement f o r  e i t h e r  
x-ray spectroscopy or d i f f r a c t i o n  depending on t h e  use of t h e  
a m p l i f i e r  and s i n g l e  channel  ana lyze r  o r  t h e  f l e x i b l e  readout  
dev ices .  Alignment of t h e  s y s t e m  i s  e a s i l y  accomplished us ing  
the p u l s e r  and 400 channel  a n a 1 y ~ e r . l ~  
p u l s e r  wi th  6.4 Kev r a d i a t i o n  from Cos7 and f i n d i n g  t h e  CuK,peak 
o n  t h e  PIP 400, t h e  s i n g l e  channel ana lyze r  can be se t  us ing  t h e  
p u l s e r  t o  s imula t e  t h e  CuK,peak edges. A t y p i c a l  spectrum showing 
the  CuK,peak, the 6.4 Kev peak, and t h e  upper and lower d i s c r i m i n a t o r  
l e v e l s  i s  d i sp layed  i n  Figure 8 .  
After f i r s t  c a l i b r a t i n g  t h e  
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Rota t ing  Anode X-Ray Tube 
A h igh  i n t e n s i t y  x-ray beam i s  needed f o r  t h e  10 c m  s c a t t e r i n g  
chamber desc r ibed  above no t  only due t o  t h e  long x-ray path,  approxi -  
mately 50 c m ,  bu t  a l s o  due t o  t h e  weakly s c a t t e r i n g  samples t o  be 
i n v e s t i g a t e d  such a s  C s  gas .  Thus a water  cooled,  cont inuously 
pumped, r o t a t i n g  anode x-ray tube has  been se t  up f o r  t h i s  purpose. 
F igure  9 shows a cross s e c t i o n a l  view of t h e  x-ray tube  t h e  important  
p o i n t s  be ing  the trO*l r i n g  vacuum and water seals f o r  t h e  r o t a t i n g  
s h a f t .  Other f e a t u r e s  of t h i s  tube  inc lude  a demountable f i l amen t  
assembly and demountable anode. Thus r e p a i r s  on t h e  tube  can be 
made such a s  replacement of f i l ament ,  anode, and s h a f t  s e a l  "0" 
r i n g s .  The f i l amen t  assembly can  be mounted i n  e i t h e r  a h o r i z o n t a l  
o r  v e r t i c a l  p o r t  g i v i n g  a v e r t i c a l  or h o r i z o n t a l  f o c a l  l i n e  respec-  
t i v e l y .  
by r o t a t i n g  t h e  f i l amen t  assembly so t h a t  a f o c a l  s p o t  i s  obta ined  
i f  d e s i r e d .  Anodes of m a t e r i a l s  o t h e r  than  copper can be used or 
c e r t a i n  t a r g e t  m a t e r i a l s  can  be p l a t e d  onto  t h e  copper t a r g e t s  
I n  a d d i t i o n  t h e  h o r i z o n t a l  f o c a l  l i n e  can be shortened 
( three  a r e  a v a i l a b l e ) .  
Required s e r v i c e s  f o r  t h e  x-ray anode a r e :  
1. t h e  anode motor t o  r o t a t e  t h e  anode a t  approximately 
920 rpm 
2 .  t h e  water pump and h e a t  exchanges t o  c i r c u l a t e  
d i s t i l l e d  water t o  c o o l  t h e  anode 
3. t h e  forepwnp and d i f f u s i o n  ump t o  main ta in  a 
vacuum of less than  2 x 10-E Torr  i n  t h e  x-ray tube  
4. water c o o l i n g  ou t s ide  t h e  anode 
5. a h igh  vo l t age  power supply.  
- 18 - 
I a 
t 
E" 
3 
5 
0 
3 
n 
.- 
In 
CC 
'c n 
0 
t- 
2 
f 
i m u n u j r i  
0, c 
m 
0 a 
.- 
c 
+ 
19 
High Voltage Power Supply 
A 50 KV, 200 MA r egu la t ed  power supply has  been cons t ruc t ed  
t o  provide t h e  power t o  t h e  x-ray tube .  For  the most p a r t ,  the 
c i r c u i t  has  no t  been changed from t h a t  p rev ious ly  used6  and i s  
included he re  for  completeness i n  F igure  10. Some of t h e  s t anda rd  
f e a t u r e s  of t h i s  power supply a r e  t h a t  both c u r r e n t  and vo l t age  
a r e  cont inuous ly  v a r i a b l e  and t h a t  both c u r r e n t  and vo l t age  are  
r egu la t ed  t o  4 0.1% and t h e  unique f e a t u r e  of t h i s  power supply 
i s  t h e  u s e  of a br idge  c i r c u i t  w i th  fou r  s i l i c o n  d iodes  r a t h e r  
than  h o t  f i l amen t  t ype  d iodes .  
The power supply a l s o  inc ludes  vacuum c o n t r o l  and i n t e r l o c k  
c i r c u i t s  as shown i n  Figure 1 0 .  The vacuum c o n t r o l  c i r c u i t  monitors  
bo th  t h e  h igh  p r e s s u r e  i n  t h e  x-ray tube  and t h e  fo rep res su re  and 
whenever t h e  vacuum goes "bad," au tomat i ca l ly  s h u t s  down eve ry th ing  
t o  p r o t e c t  t h e  h igh  vo l t age  power supply,  x-ray f i lament ,  and 
d i f f u s i o n  pump. The vacuum c o n t r o l  c i r c u i t  a l s o  monitors t h e  
vacuum i n  t h e  10  c m  s c a t t e r i n g  chamber. 
The i n t e r l o c k  c i r c u i t s  i n su re  t h a t  t h e  proper  s e r v i c e s  such 
as vacuum, c o o l i n g  water, r o t a t i o n ,  e tc .  a r e  suppl ied  t o  t h e  anode 
be fo re  t h e  h igh  vo l t age  can  be turned  on. 
are provided such a s  t h e  high v o l t a g e  v a r i a c  which must always be 
turned  up from zero  v o l t s .  
Also o t h e r  s a f e t y  dev ices  
I V  . RESULTS, RECOMMENDATIONS AND PROBLEMS 
The 10 c m  x-ray d i f f r ac tomete r  descr ibed  i n  t h i s  r e p o r t  has  
been completely o p e r a t i o n a l  fo r  about  two months. A f t e r  t h e  i n i t i a l  
a l ignment  procedures and "debugging" some pre l iminary  d a t a  have been 
o b t a i n e d .  
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The al ignment  of  t h e  fou r  s l i t  geometry i s  q u i t e  c r i t i c a l  - 
t h e  f o u r  s l i t s  must have t h e i r  edges p a r a l l e l  and e q u a l l y  sepa ra t ed  
wi th  t h e  axes of  t h e  c o l l i m a t i n g  s l i t s  (1 and 2 )  and t h e  ana lyz ing  
s l i t s  ( 3  and 4 )  perpendicular  t o  t h e  ax i s  of  r o t a t i o n  of  t h e  ana lyz-  
i n g  s l i t s  and c o l i n e a r  a t  zero  s c a t t e r i n g  ang le .  
c o n d i t i o n s  should p e r s i s t  f o r  d i f f e r e n t  s l i t  widths  so t h a t  a 
rea l ignment  i s  n o t  r equ i r ed  f o r  each s l i t  width used. The above 
al ignment  c o n d i t i o n s  were obta ined  a f t e r  a p re l imina ry  al ignment  
us ing  o p t i c a l  t echniques  and a f i n a l  a l ignment  u s i n g  t h e  x-ray 
beam. 
s c a t t e r i n g  chamber must be p rope r ly  "pointed" so t h a t  t h e  x-ray 
beam uniformly i l l u m i n a t e s  t h e  sample through t h e  f i r s t  two s l i t s .  
To o b t a i n  symmetric s c a t t e r i n g  t h e  sample must be pe rpend icu la r  
t o  e i t h e r  t h e  a x i s  of  t h e  c o l l i m a t i n g  o r  ana lyz ing  s l i t s  and t o  
o b t a i n  optimum s c a t t e r i n g  t h e  sample mus t  be cen te red  about  t h e  
ax i s  of  r o t a t i o n  of t h e  ana lyz ing  s l i t s .  
chamber i s  a l s o  hooked up so t h a t  t h e  a i r  i n  t h e  chamber can be 
evacuated or r ep laced  wi th  He. 
These al ignment  
I n  a d d i t i o n ,  once t h e  f o u r  s l i t s  are a l igned  t h e  10 c m  
The 10 cm s c a t t e r i n g  
A f t e r  some v i o l e n t  o s c i l l a t i o n s  between t h e  two 450TH s e r i e s  
r e g u l a t o r  t u b e s ,  now c o r r e c t e d  wi th  two 1 0 0 f i r e s i s t o r s  on t h e  g r i d s ,  
t h e  h igh  vo l t age  power supply i s  o p e r a t i n g  normally.  So f a r  it has  
o n l y  been loaded t o  190 MA a t  30 KV wi th  most f r equen t  o p e r a t i o n  a t  
30 KV, 140 MA. 
normally and has  accumulated over  120  hours of o p e r a t i o n .  
The r o t a t i n g  anode x-ray tube  i s  a l s o  o p e r a t i n g  
The p re l imina ry  d a t a  obtained t o  d a t e  have been a s e r i e s  of  
s c a t t e r i n g  curves  from p l a s t i c  s h e e t s  i n  a sea rch  f o r  a secondary 
s t a n d a r d  s c a t t e r e r  f o r  a day t o  day r e f e r e n c e  s t anda rd .  Some s h e e t s  
- 2 2  - 
of polys tyrene  have been found s u i t a b l e  f o r  t h i s  purpose. These 
s h e e t s  w i l l  be c a l i b r a t e d  a g a i n s t  the  primary s tandard ,  t h e  gas 
s c a t t e r i n g ,  and t h e n  used t o  monitor t h e  x-ray beam i n t e n s i t y  
i n t e r m i t t e n t l y  d u r i n g  a d a t a  run. 
and used very  i n f r e q u e n t l y  as a check on r a d i a t i o n  damage or 
d e t e r i o r a t i o n .  The polystyrene s h e e t  i s  a l s o  used t o  measure 
sample t ransmiss ions .  
r a d i a t i o n  t h e  counts  are  accumulated f o r  f i x e d  t i m e  pe r iods  
A s e p a r a t e  p i ece  w i l l  be kep t  
By using t h e  go peak as a source  of Koc 
with t h e  sample, whose t ransmiss ion  i s  t o  be measured, a l t e r n a t e l y  
p u t  i n  and o u t  of t h e  s c a t t e r e d  beam between t h e  4 t h  s l i t  and t h e  
detector tube .  F igure  11 shows t h e  s c a t t e r i n g  curve of t h e  poly-  
s t y r e n e  sheet. 
Some pre l iminary  d a t a  have a l s o  been obta ined  from SF6 gas 
bu t  t h e  sample ho lde r  used had mica windows and cons ide rab le  Fe K -  
f l uo rescence  was observed. This problem i s  now under s tudy.  
Cur ren t ly  s e v e r a l  important  exper imenta l  problems a r e  under 
i n v e s t i g a t i o n  a s  desc r ibed  i n  t h i s  r e p o r t  and thus  recommendations 
on t h e  r e s e a r c h  tasks w i l l  be d e f e r r e d  u n t i l  more d a t a  a r e  a v a i l a b l e .  
One of  t h e  more s e r i o u s  problems t o  d a t e  i n  a d d i t i o n  t o  t h e  equipment 
d e l i v e r y  d e l a y s  has  been t h a t  of  loca l  power f a i l u r e s .  The system 
i s  w e l l  i n t e r l o c k e d  so tha t  hope fu l ly  no major damage w i l l  r e s u l t  
from a power f a i l u r e  b u t  every power f a i l u r e  r e s u l t s  i n  t h e  bad 
vacuum c i r c u i t  s h u t t i n g  o f f  t h e  d i f f u s i o n  pump, as it should.  
Thus a d e l a y  occurs  u n t i l  t h e  x-ray tube  i s  aga in  pumped down t o  
t h e  10'' Torr  range.  
March. The l o c a l  a u t h o r i t i e s  are  t a k i n g  s t e p s  t o  c o r r e c t  t h i s  
s i t u a t i o n .  
S i x  such power f a i l u r e s  have occurred s i n c e  
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